In recent years, transoral robotic surgery (TORS) has emerged as a useful treatment for oropharyngeal squamous cell carcinoma (OPSCC). In appropriately selected patients, the use of TORS may allow avoidance of adjuvant chemotherapy and/or radiotherapy, thereby avoiding the long-term adverse effects of these therapies.
T he incidence of human papillomavirus (HPV)-associated oropharyngeal squamous cell carcinoma (OPSCC) is increasing and accounts for most new oropharyngeal cancer cases.
1 Historically, oropharyngeal cancer was treated with highly invasive surgery through a variety of open approaches followed by adjuvant radiotherapy (RT); this regimen was associated with significant complications and postoperative comorbidities. 2, 3 More than 20 years ago, OPSCC treatment shifted to primary chemoradiotherapy (CRT) after several studies 4-6 demonstrated comparable oncologic outcomes and lower morbidity. However, long-term adverse effects of CRT, such as xerostomia and dysphagia, can be severe. 7, 8 After US Food and Drug Administration approval in 2009, transoral robotic surgery (TORS) emerged as an innovative surgical technique, allowing access to the oropharynx without the need for mandibulotomy. Studies have found oncologic outcomes comparable to those of primary CRT 9 and surgery using a mandibulotomy approach. 10 The use of TORS may allow for de-escalation of RT and/or chemotherapy, thereby potentially improving long-term functional outcomes. As more centers are offering TORS as a primary surgical modality, reports [11] [12] [13] [14] have emerged of long-term functional outcomes after TORS. However, these series are somewhat small, and there is a lack of standardized outcome metrics beyond long-term tracheostomy and gastrostomy dependence. 15 We report the long-term, prospective functional outcomes and quality-oflife (QOL) outcomes after TORS using several instruments validated in the population with head and neck cancer.
Methods
From June 1, 2013, through November 31, 2015, a total of 74 consecutive patients diagnosed with OPSCC with planned TORS resection were prospectively enrolled in the study. Patients with known distant metastatic disease, prior CRT, and preexisting speech, swallowing, or cognitive deficits (eg, attributable to neurologic disease) were excluded. All cases were formally discussed at a head and neck cancer multidisciplinary tumor board meeting before finalizing treatment plans and were treated according to our standard of care. The study was approved by the institutional review board at Oregon Health and Science University (OHSU), Portland, and written informed consent was obtained. Data were deidentified after all data were collected.
Treatment
Patients underwent TORS partial pharyngectomy or hemiglossectomy with concomitant neck dissection. The da Vinci SI Surgical System (Intuitive Surgical Inc) was used for all procedures. Indications for adjuvant C RT included positive margins and extracapsular extension in metastatic lymph nodes in accordance with current National Comprehensive Cancer Network guidelines. 16 Indications for adjuvant RT without concomitant chemotherapy included perineural invasion, lymphovascular invasion, or pathologic N2a or greater disease. Adjuvant RT was delivered using intensity-modulated RT in 2-Gy increments for a total dose of 60 to 66 Gy. Patients who were treated with adjuvant CRT received cisplatin therapy weekly or triweekly during the adjuvant RT.
Data Collection
Data collected preoperatively included age at surgery, sex, smoking history, Charlson Comorbidity Index, weight, and weight loss. Surgical information included extent of surgery and associated procedures, length of hospitalization, and complications. Pathologic data included tumor stage, nodal status, p16 positivity, and details of adjuvant therapy. At follow-up appointments, data were recorded on patient status, weight, recurrence, and tracheostomy and gastrostomy tube (G tube) use. Functional and QOL outcomes were measured at baseline (preoperatively), postoperatively (7-21 days after surgery), at short-term follow-up (6-12 months postoperatively), and at long-term follow-up (12-36 months postoperatively).
Functional Outcome Measures
The Performance Status Scale for Head and Neck Cancer Patients (PSS-HN) is a validated, clinician-administered instrument designed to quantify the functional status of patients with head and neck cancer 17 and has been used in some prospective TORS studies. 14,18 The measure contains 3 domains: normalcy of diet, speech, and the ability to eat in public. Each scale is rated from 0 to 100, with higher scores indicating better function.
QOL Outcomes
Two QOL instruments were used. The Eating Assessment Tool (EAT-10) is a 10-item general measure of swallowing difficulty that was previously validated in the population with head and neck cancer. 19 Scores range from 0 to 40, with higher scores indicating more severe dysphagia. The Head and Neck Quality of Life (HNQOL) instrument was developed at the University of Michigan specifically for patients with head and neck cancer. It is a multidimensional tool that assesses eating, emotion, pain, and communication. The best possible score in each category is 100, indicating superior QOL.
17,20

Key Points
Question How does adjuvant radiotherapy with and without concomitant chemotherapy affect functional speech and swallowing outcomes and quality-of-life metrics in patients with squamous cell carcinoma of the oropharynx who have undergone transoral robotic surgery?
Findings This longitudinal cohort study of 74 patients undergoing transoral robotic surgery for the initial treatment of oropharyngeal squamous cell carcinoma found that immediately after surgery, there was a significant reduction in quality-of-life and functional speech and swallowing measures, with the transoral robotic surgery-only group having the greatest recovery with the least weight loss and best swallowing-related outcomes at long-term follow-up.
Meaning Patients who undergo adjuvant treatment after transoral robotic surgery may have poorer long-term outcomes, with continued dysphagia more than 1 year after surgery.
Statistical Analysis
Statistical analysis was conducted using SPSS, version 21 (IBM Inc). Patients were divided into 3 groups based on the adjuvant therapy received postoperatively. Because of concerns about differences in the duration of long-term follow-up (12-36 months), the data were analyzed to determine whether longterm data should be analyzed as 1 or 2 time points. First, a Pearson correlation was performed to determine whether there was a significant association between length of time at long-term follow-up and any of the outcome measures of interest. No significant associations were found. Second, a split half analysis was performed for the long-term outcomes based on the median value of 21 months. No significant differences were found for any of the outcomes of interest; therefore, the long-term follow-up data were pooled as a single time point. The normality assumption was tested using the Shapiro-Wilk test. Of the variables examined, only age and weight loss met the normality assumption. 
Functional and QOL Outcomes
The EAT-10, PSS, and HNQOL scores were obtained in 64 patients (86%) postoperatively. Nine patients elected to follow up with the referring surgeon because of their geographic distance from OHSU. One patient was readmitted with a hematoma during that time; therefore, data were not collected for this interval. At short-term follow-up, the same metrics were recorded in 65 patients (88%) because 9 patients (12%) were unavailable for follow-up despite multiple attempts to contact them. Data were obtained at long-term follow-up in 64 patients (86%). There were no confirmed deaths at the time of follow-up more than 1 year after surgery. Only 1 patient underwent tracheostomy. Tracheostomy occurred on postoperative day 13 during readmission for neck hematoma evacuation, and the patient underwent decannulation 1 month later (6 weeks postoperatively). All patients underwent nasogastric feeding tube (NG tube) placement at the time of surgery except 2 patients who underwent planned G tube placement because of expected adjuvant treatment and baseline dysphagia. Of the 72 patients who underwent NG tube placement, NG tube removal occurred before hospital discharge in 35 patients (49%) and at the first postoperative outpatient visit in 26 patients (36%). The mean (SD) length of hospital stay was 4.85 (1.93) days (range, 2-11 days). Of the remaining patients, 6 (8%) had their NG tube removed subsequently and 5 (7%) subsequently underwent G tube placement because of persistent dysphagia and the need for adjuvant treatment. The mean (SD) duration of NG tube placement was 9.84 (8.16) days (range, 1-36 days). Overall, 7 of 74 patients (9%) received a G tube. Two patients underwent planned G tube placement because of expected adjuvant treatment and baseline dysphagia. Three patients completed adjuvant treatment at our institution, whereas 4 patients completed adjuvant treatment at another medical center. Five patients (7%) were still using a G tube at short-term follow-up, all of whom received adjuvant CRT. Two of these patients were treated at our institution, and the other 3 patients were treated at another facility. At long-term follow-up, only 1 patient (1%) continued to requireaGtube. This individual had declined to participate in dysphagia rehabilitation postoperatively and during CRT and remained G tube dependent at last follow-up.
Overall, 54 patients received adjuvant therapy in addition to TORS: 31 patients underwent adjuvant RT and 23 patients underwent adjuvant CRT. Radiotherapy was completed at OHSU in 16 of 54 patients (30%), with a mean (SD) radiation dose of 63 (4) Gy (range, 50-70 Gy). Radiotherapy was completed at another medical center in 38 of 54 patients (70%), with a mean (SD) radiation dose of 60 (7) Gy (range, .
With use of an EAT-10 score of 3 or more as indicative of abnormal swallowing according to published norms, 19 the prevalence of dysphagia over time across the 3 groups is depicted in Figure 1 . At baseline, the prevalence of dysphagia was 29%, and this increased to 95% postoperatively, with a subsequent decrease to 75% at long-term follow-up. Significant group differences were found at only the 6-to 12-month follow-up (χ 2 = 8.23; Cohen w = 0.37; 95% CI, 0.06-0.60), at which the TORS-only group had the lowest prevalence of dysphagia (60%) compared with the TORS+RT (72%) and TORS+CRT (90%) groups; this finding suggests a more rapid rate of recovery in the TOR-only group. Scores for the PSS-HN, EAT-10, and HNQOL were compared with baseline scores in the 3 treatment groups ( Figure 2 and Figure 3 ). For the clinician-rated normalcy of diet score of the PSS-HN, all 3 groups had significant dysphagia postoperatively at 7 to 21 days, with subsequent improvement of scores at 6 to 12 months. For the PSS-Eating in Public score, similarly there was a significant 
Male 68 (92) 18 (90) 28 (90) 22 ( (42) 10 (50) 13 (42) 8 (35) Former (quit <6 mo ago) 34 (46) 8 (40) 12 (39) 14 (61) Current 9 (12) 2 (10) 6 (19) 1 (4) Tumor subsite 0.36 (−0.11 to 0.81) Tonsil 42 (57) 13 (65) 18 (58) 11 (48) Base of tongue 31 (42) 6 (30) 13 (42) 12 ( (58) 14 (70) 13 (42) 16 (70) T2 30 (41) 5 (25) 18 (58) 7 ( (95) 19 (95) 30 (97) 21 (92) decrease across all groups at 7 to 21 days, with subsequent recovery at 6 to 12 months. At long-term follow-up, the scores for all 3 groups were no longer significantly different from baseline on the PSS-Diet subscale. For the PSS-Eating in Public subscale scores, there was no significant difference in long-term scores in the TORS only or the TORS+RT groups, but scores in the TORS+CRT group remained significantly below baseline. At long-term follow-up, the percentage of individuals eating an unrestricted diet (PSS-Diet score of 100) was 62.5% overall and varied significantly by group as follows: 86% (TORS only), 62% (TORS+RT), and 45% (TORS+CRT). The percentage of individuals able to eat in public without restriction (PSS-Eating in Public score of 100) was 50% overall and similarly varied significantly by group (80% [TORS only], 45% [TORS+RT] , and 35% [TORS+CRT] ). For the PSS-Speech subscale, scores were relatively stable across all 3 time points, with mean scores slightly below baseline at long-term follow-up in all 3 groups. Most individuals (73%) achieved a score of 100, indicating that their speech was always understandable, and this did not differ significantly by group.
Comparison of the subjective scores on the EAT-10 showed that all 3 groups had a significant increase in dysphagia symptoms postoperatively compared with baseline levels and remained significantly more impaired than at baseline at 6 to 12 months. At long-term follow-up, the EAT-10 score in the TORS-only group no longer significantly differed from their baseline value, whereas there continued to be significantly greater levels of dysphagia compared with baseline in the TORS+RT and TORS+CRT groups. The HNQOL-Eating subscale similarly demonstrated significant short-term worsening postoperatively in all 3 groups compared with baseline scores. All 3 groups continued to have significantly worse scores on the HNQOL scale at the 6-to 12-month time point, but descriptively there appeared to be a more rapid recovery in the TORS-only group, which had the highest mean score at this point. All 3 groups remained significantly worse at long-term follow-up compared with baseline, although the TORS-only group continued to have the least reduction. The HNQOL-Speech scale demonstrated a significant decrease in scores postoperatively, and scores in the TORS+CRT group remained significantly below baseline scores at 6 to 12 months. At long-term follow-up, scores in all 3 groups were no longer significantly different from baseline for this measure. This pattern mirrored that of the HNQOL-Pain scale, in which pain was significantly worse postoperatively in all 3 groups but not thereafter. Finally, HNQOL-Emotion scores were relatively stable over time, showing no significant difference from baseline for any treatment group. Correlation among these various QOL outcome measures is detailed in the eTable in the Supplement.
Long-term follow-up scores were compared by group ( Table 2) . Median time postoperatively at follow-up was 21 months (range, 12-36 months) and did not differ significantly by group. No significant correlation was found between length of time at long-term follow-up and any of the outcome measures (as discussed in the Statistical Analysis subsection of the Methods section), suggesting that outcome measures may have stabilized by this time. This finding is consistent with previous longitudinal research in the population with head and neck cancer that has found few significant improvements in status after 1 year. 22, 23 Between-group comparison confirmed that there were significant between-group differences for the PSSEating and HNQOL-Eating subscales. There was a clinically meaningful difference in weight loss at long-term follow-up, and post hoc testing confirmed that the TORS-only group had less weight loss than did the TORS+RT group (mean difference, −16.10; 97.5% CI, −29.79 to −2.41). The difference in weight loss between the TORS-only and the TORS+CRT group was also clinically meaningful (mean difference, −14.58; 97.5% CI, −29.19 to 0.03). The lower bounds of the CIs for both comparisons suggest that the weight loss difference with the use of adjuvant therapy compared with TORS only could be as great as 30 lb. In addition, the TORS-only group had significantly better scores than the TORS+CRT group on the PSS-Eating in Public scale and on the HNQOL-Eating subscale.
Discussion
Our study describes one of the largest prospective studies of patients undergoing TORS with outcomes stratified based on treatment modality to assess the association of the treatment with long-term QOL outcomes. To date, a wide variety of measures have been used to track outcomes after TORS, including the MD Anderson Dysphagia Inventory, 12,24-26 the University of Washington Quality of Life Questionnaire, 27 and the Head and Neck Cancer Inventory. 11 To our knowledge, the present study is the first to use the HNQOL and EAT-10. The HNQOL-Eating subscale similarly demonstrated significant short-term worsening postoperatively, with a more rapid and complete recovery in the TORS-only group, but scores in all 3 groups remained significantly below baseline at long-term follow-up. The HNQOL-Speech and Pain subscales also demonstrated a significant decrease in scores postoperatively, 
All patients
Prevalence of dysphagia over time by group using a 10-item Eating Assessment Tool score of 3 or more as indicative of the presence of dysphagia. The postoperative period was 7 to 21 days after transoral robotic surgery (TORS); short-term follow-up, 6 to 12 months; and long-term follow-up, 12-36 months. CRT indicates chemoradiotherapy; RT, radiotherapy.
followed by a subsequent recovery to levels no longer significantly different from baseline. Finally, the HNQOL-Emotion scores were relatively stable over time. These findings are fairly consistent with those of Choby et al, 27 who reported statistically significant improvement in pain, chewing, and swallowing scores on the University of Washington Quality of Life Questionnaire during the first year after treatment and remaining fairly stable after that time. Dziegielewski et al 11 reported that poorer QOL scores were associated with RT, CRT, and older age on the Head and Neck Cancer Inventory. We found strong correlations between the EAT-10 and the HNQOL-Eating subscale and with the clinician-rated normalcy of diet and eating in public subscales of the PSS-HN (eTable in the Supplement), which suggests its validity for use in this population. Similar associations have been previously reported between the MD Anderson Dysphagia Inventory and the PSS-HN.
28 At long-term follow-up, however, the TORSonly group had EAT-10 scores that were not significantly different from baseline despite scores remaining significantly below baseline on the HNQOL-Eating subscale. Some of the head and neck cancer-specific items on the latter measure might explain this discrepancy, and EAT-10, as a generic measure, may not be as sensitive to some of these changes. In contrast to these metrics, few studies to date have reported longitudinal functional outcomes using the PSS-HN scale. Leonhardt et al 14 compared longitudinal outcomes in a cohort of 38 patients who underwent TORS with or without adjuvant treatment using the PSS-HN. For the PSS-Eating and PSS-Diet subscales, they found significant decreases at 6 months after treatment but not at 12 months. They also found significant decreases in PSS-Speech scores at 6 and 12 months. When they examined outcomes based on the extent of treatment, the authors concluded that adjuvant CRT was association with significantly lower scores on the PSS-Eating and PSS-Diet subscales at 6 and 12 months and incomplete longterm recovery. Genden et al 18 published a prospective observational study that compared outcomes between 30 patients with OPSCC treated with TORS and adjuvant RT and 26 treated with concurrent CRT. The scores in the TORS group returned to baseline on all scales of the PSS-HN within 9 months after surgery, but the CRT group continued to have PSS-Diet scores significantly below baseline at 12 months after treatment. In our study, normalcy of diet and eating in public scores of the PSS-HN in all 3 groups demonstrated significant dysphagia postoperatively with subsequent recovery, but both groups that had received adjuvant therapy had scores significantly below baseline on the PSS-Eating subscale. The known toxic effects associated with definitive CRT 29, 30 combined with the increasing incidence of HPV-related tumors 31 have led us to rethink the treatment of oropharyngeal cancer. A previous study 32 found that although acute toxic effects are equivalent between HPV-positive and HPVnegative patients treated with CRT, the development of late toxic effects is decreased in HPV-positive patients. Patients with HPV-positive OPSCC also have improved survival compared with HPV-negative patients regardless of treatment modality. 33, 34 This finding has led a movement toward socalled deescalation therapy for the treatment of patients with HPV-positive OPSCC, and multiple trials are under way, most notably the Eastern Cooperative Oncology Group Trial 3311.
35,36
The advantage of TORS for the treatment of OPSCC is that the total dose of adjuvant RT, if necessary, can be decreased and TORS can obviate the need for adjuvant chemotherapy. The feasibility of TORS from an oncologic standpoint 37 has been well established, and the focus has shifted to long-term functional outcomes. Tracheostomy dependence and feeding tube dependence have been the most commonly reported functional outcomes after TORS. 15 The use of short-term NG tubes varies widely by disease stage and institutional practice, and placement rates of 3% to 100% have been reported, with mean durations ranging from 2 to 13 days. 18, 24, 38, 39 According to one review, 15 short-term G tube rates range from 18% to 39%, typically during adjuvant treatment, with long-term G tube dependency rates of 0% to 7%. One study 11 found that older age, more extensive TORS, and higher pathologic T stage were associated with greater risk of G tube dependency. Postoperative chemotherapy was found to be associated with increased risk of G tube dependency for more than 3 months in another series. 32 Reported tracheostomy rates have ranged from 0% to 31%, with permanent tracheostomy dependence occurring rarely (0.5%). 15 Compared with previous Mean scores are shown, with error bars indicating SD. CRT indicates chemoradiotherapy; NA, not applicable; RT, radiotherapy; and TORS, transoral robotic surgery.
Research Original Investigation
Outcomes After Transoral Robotic Surgery for Oropharyngeal Cancer reports, 18, 24, 38, 39 the mean duration of NG tube placement (9.84 days) in our study was toward the upper end of previously reported ranges. Although nearly 50% of patients in our study had their NG tube removed before discharge, most of the remainder of the patients had their NG tubes removed at their first follow-up visit 7 to 10 days after discharge. However, this time lag to follow-up necessarily increased the mean time for NG tube use. The rates of short-term G tube placement (9%), long-term G tube dependency (1%), short-term tracheostomy placement (1%), and long-term tracheostomy dependency (0%) in our study are at the lower limits of previously reported ranges. Our data do not necessarily speak to NG tube or G tube management; in particular, NG tubes are only present for a couple of weeks at most, whereas our data are focused on longer-term outcomes. However, these data are useful for patient counseling, particularly when primarily deciding on treatment modality for oropharynx carcinoma.
In accordance with the conclusions of Leonhardt and colleagues, 14 the development of new treatment techniques to manage OPSCC requires an understanding of the potential effect on not only oncologic but also functional and QOL outcomes. The improvement in disease control and survival through the use of concurrent CRT has also been associated with an increased risk of late complications, including dysphagia. As new protocols are developed, it is imperative that longitudinal functional and QOL outcomes be assessed to avoid unnecessary, life-limiting alterations in voice, speech, respiration, swallowing, and cosmesis. Unlike Sinclair et al, 25 we did not find evidence that there was improvement in outcomes after the 12-month follow-up, suggesting that outcomes were stable after this time. This study describes functional outcomes based on treatment modality and does not directly address pathologic upstaging or downstaging based on current staging guidelines. However, the functional data presented in this study highlight the importance of patient selection and decision making. Kim et al 40 reported the utility of up-front robotic surgery to tailor adjuvant therapy. Up-front TORS was associated with deintensified adjuvant therapy; 76% of patients with stage I/II and 46% of patients with stage III/IV disease did not receive CRT. Conversely, pathologic staging resulted in 33% of patients receiving adjuvant CRT who would have received RT only based on current clinical staging. Furthermore, our findings suggest that individuals who undergo triple-modality intervention with surgery and CRT are at increased risk of significantly poorer long-term function. Triple-modality intervention in this patient population should be avoided; currently, the primary driver of adjuvant CRT in these patients is the presence of extranodal extension on pathologic assessment of cervical lymph nodes. It can be challenging to detect extranodal extension preoperatively 41, 42 ;however, a study by Geltzeiler et al 43 determined that the presence of 3 or more radiologically suspicious lymph nodes on computed tomography has a 91% positive predictive value for any histologic evidence of extranodal extension. In the short term, for patients with a high likelihood of requiring adjuvant CRT, TORS should be avoided and definitive CRT should be administered. In the coming years, extranodal extension may no 
Limitations
This study has several limitations. First, the time points for follow-up were relatively broad. Although duration of follow-up did not differ significantly between groups, this might have affected our ability to assess change over time, particularly at long-term follow-up. Second, similar to many other large medical centers, OHSU draws patients from a wide geographic area. Consequently, some patients received adjuvant therapy at outside facilities, which may have influenced total radiation dose and practices regarding G tube placement. Only 2 patients had G tubes placed prophylactically by the surgical team for advanced tumor stage or significant preoperative dysphagia; the remaining 5 G tubes were placed at the discretion of the treating radiation oncologist. Although reactive G tube placement is the standard at our institution, many outside radiation oncologists place G tubes prophylactically, which would increase the overall G tube rate. However, our long-term G tube rate was low (1%), occurring in a patient who received adjuvant CRT and who declined to participate in dysphagia rehabilitation. Third, patients who lived closer to OHSU may have been able to return more frequently for knowledgeable care and rehabilitation than those living in more remote areas, which may have affected outcomes. Fourth, the 3 treatment groups differed, as expected, in the nature and extent of their disease; consequently, it is not possible to differentiate the relative effect of treatment from the effects of the disease itself. There may also have been other a priori differences between the groups that were not accounted for in our data collection, and our study was not sufficiently powered to control for other extraneous variables that could have affected outcomes.
Conclusions
In patients with OPSCC, treatment with TORS only was associated with improved long-term functional outcomes in swallowing and speech, with QOL metrics returning to near baseline. Patients who received adjuvant treatment did not recover as quickly, and those who underwent CRT in addition to TORS had the greatest risk for poor long-term outcomes.
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